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Purpose: To evaluate the tear film characteristics of spontaneous subconjunctival hemorrhage patients by Schirmer test 
I and tear interferometry. 

Methods: Forty-six spontaneous subconjunctival hemorrhage patients and46 controls were enrolled in the study. Schirmer 
test I and tear interferometry were performed in all 92 subjects. The results obtained were compared between the two 
groups. 

Results: The Schirmer test I value of the spontaneous subconjunctival hemorrhage patients was 6.93 (4.72) mm, and that 
of the controls was 14.70 (3.70) mm. A statistical difference was found between the two groups (independent samples t 
test, t=-8.79, p<0.00 1). The mean rank of the tear interferometry patterns of the spontaneous subconjunctival hemorrhage 
patients was 50.07, and that of the controls was 42.93. No statistical difference was found between the two groups (Mann- 
Whitney U test, Z=-1.85, p=0.064). 

Conclusions: For the spontaneous subconjunctival hemorrhage patients, the Schirmer test I value was lower than that of 
the controls, whereas the tear interferometry patterns were comparable to that of the controls. 



Subconjunctival hemorrhage (SCH) is a common eye 
condition, and generally, it is a benign disorder with good 
visual prognosis. SCH is often characterized by the acute 
appearance of an area of bleeding under the conjunctiva. 
Several previous studies have shown the association of SCH 
with hypertension, diabetes mellitus, trauma, acute 
hemorrhagic conjunctivitis, anticoagulant therapy, 
conjunctivochalasis, and Val34Leu mutation of factor XIII 
[1-12]. It is also well known that the major risk factors for 
SCH are trauma and contact lens-induced injury in younger 
patients and hypertension in older patients [4]. Although the 
clinical features of SCH have been considerably well 
examined, the tear film characteristics of SCH patients remain 
unclear. Therefore, this study was performed to evaluate the 
tear quantity of spontaneous SCH (SSCH) patients by 
Schirmer test I and the tear quality by tear film interferometry. 

METHODS 

Patients and controls: This study adhered to the tenets of the 
Declaration of Helsinki. This study was approved by the ethics 
committee of Tianjin Medical University Eye Center, Tianjin, 
China. Written, informed consent was obtained from all 
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patients and controls. The inclusion criteria for the SSCH 
group were as follows: first occurrence of SSCH and duration 
of SSCH <3 days at presentation. The exclusion criteria for 
the SSCH group included a history of previous SCH, trauma, 
contact lens use, dry eye, and other diseases that could affect 
the tear film (blepharitis, dacryocystitis, keratoconjunctivitis 
sicca, etc). Patients who had a history of systemic disease 
(including hypertension, diabetes mellitus, and 
hyperlipidemia) or anticoagulant therapy were also excluded. 
Patients with cataract or refractive error were enrolled as the 
control group, and the exclusion criteria were the same as 
those of the SSCH group. Schirmer test I and tear 
interferometry were performed in all the SSCH patients and 
controls. 

Schirmer test I: Schirmer's strip (Jingming Co. Ltd, Tianjin, 
China) was placed in the lower fornix near the lateral canthus 
without anesthesia for 5 min with the patient's eyes closed. 
Subsequently, the strip was removed, and the length of the 
wetted area was measured in millimeters. Every care was 
taken to avoid touching the cornea. 

Tear interferometry: Noncontact interferometry micrographs 
of the surface of the tear film were obtained using the DR-1 
tear film lipid layer interferometry system (Kowa, Tokyo, 
Japan). Lipid layer interference images were recorded 
immediately after a complete blink and were evaluated by an 
experienced technician. The lipid layer was graded according 
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to a previously reported classification system: grade 1, 
somewhat gray color, uniform distribution; grade 2, 
somewhat gray color, nonuniform distribution; grade 3, a few 
colors, nonuniform distribution; grade 4, many colors, 
nonuniform distribution; and grade 5, corneal surface partially 
exposed [13]. 

Statistical analysis: Data was reported as mean (SD). All 
analyses were performed with SPSS software version 13.0. 
Independent samples t test was used for the comparison of age 
and Schirmer test I results between patients and controls. The 
Mann- Whitney U test was used for comparison of the tear 
interferometry patterns between patients and controls. A 
p<0.05 was considered statistically significant. 

RESULTS 

Patients and controls: From July 2008 to October 2008, 46 
SSCH patients and 46 controls were enrolled in this study. The 
age of the SSCH patients was 57.17 (13.32) years, and the age 
of the controls was 56.13 (13.71) years — there was no 
statistical difference in age between the two groups 
(independent samples t test, /=0.37, p=0.71). 
Schirmer test I: The result of Schirmer test I for the SSCH 
patients was 6.93 (4.72) mm, and that for the controls was 
14.70 (3.70) mm. A statistically significant difference was 
found between the two groups (independent samples t test, 
z=-8.79, pO.OOl). 

Tear interferometry: The mean rank of the tear interferometry 
patterns of the SSCH patients was 50.07, and that of the 
controls was 42.93. There was no statistically significant 
difference between the two groups (Mann-Whitney U test, 
Z=-1.85,p=0.064). 

DISCUSSION 

Although SCH is a relatively common eye condition, few 
studies have addressed the tear film characteristics of SCH 
patients. However, as already known, most of the risk factors 
of SCH (such as trauma, contact lens use, diabetes mellitus, 
etc) affect the stability of the tear film. Therefore, in this study, 
only the SSCH patients were enrolled, and for the first time, 
the tear quality and quantity of SSCH patients were assessed. 

Since its introduction by Schirmer in 1903, the Schirmer 
test has been widely used for the assessment of the adequacy 
of tear production. Schirmer test without anesthesia or 
Schirmer test I is a well standardized test that measures basal 
tear secretion with the conjunctival-lacrimal trigeminal reflex 
[14]. Although the Schirmer test has several drawbacks, it is 
still considered a useful method to assess tear production 
[14]. In our study, we found that the Schirmer test values of 
the SSCH patients were lower than those of the controls, 
indicating tear production deficiency in SSCH patients. At 
present, it is unclear why the SSCH eye has aqueous 
production deficiency, but our hypothesis is as follows. Eyes 
with aqueous production deficiency present with conjunctival 
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squamous metaplasia and vasculitis of conjunctival blood 
vessels [15,16], which facilitate the appearance of SCH. 

Interferometry is a well known method for the clinical 
assessment of the integrity of the tear film and the thickness 
of the lipid layer by observing interference patterns generated 
by light reflected from the surface of the lipid layer and from 
the interface between that layer and the aqueous layer of the 
tear film [17-20]. The commercially available DR-1 
interferometer and the classification system of interference 
patterns used in our study was developed by Yokoi et al. 
[13]. In this apparatus, the specular reflection from the tear 
surface is captured using a video camera, fed into a TV 
monitor, and recorded using a digital video recorder. 

Several studies have been performed to evaluate the tear 
film, especially that of dry eye, by non-invasive 
interferometry. Using DR-1, Yokoi et al. [13] concluded that 
tear lipid layer interference patterns were highly correlated 
with dry eye severity. They found that in the cases of more 
severe aqueous-deficient dry eyes, the grades of interference 
patterns were higher, indicating a thicker lipid layer. 
However, in our study, although the Schirmer test I values of 
SSCH patients were lower than the controls, the interference 
patterns were comparable to those of the controls. This 
unexpected result might be explained by the irregularity of the 
ocular surface induced by SCH. SCH elevate the conjunctiva 
and disturb the ocular surface, subsequently affecting the lipid 
distribution on the cornea, leading to comparable interference 
patterns. 

We acknowledge the following limitations of this study. 
First, patients with conjunctivochalasis were not excluded 
from the study, which is a major risk factor for SCH and 
affects the stability of the tear film. Second, the correlation 
between the tear film characteristics and the extent of the SCH 
was not studied. Third, the change in the tear film 
characteristics was not monitored during the hemorrhage 
absorption process. 

In conclusion, the Schirmer test I values of the SSCH 
patients were lower than those of the controls, whereas the 
tear interferometry patterns were comparable to those of the 
controls. 

AKNOWLEDGMENTS 

The authors thank the patients and controls for participation 
in this study. This work is supported in part by Tianjin Science 
Technology Committee (grant number: 08JCYBJC08600). 

REFERENCES 

1 . Fukuyama J, Hayasaka S, Yamada K, Setogawa T. Causes of 

subconjunctival hemorrhage. Ophthalmologica 1990; 
200:63-7. [PMID: 2338986] 

2. Pitts JF, Jardine AG, Murray SB, Barker NH. Spontaneous 

subconjunctival haemorrhage - a sign of hypertension? Br J 
Ophthalmol 1992; 76:297-9. [PMID: 1390514] 



1953 



Molecular Vision 2012; 18:1952-1954 <http://www.molvis.org/molvis/vl8/a203> 

3. Wilson RJ. Subconjunctival hemorrhage: overview and 

management. J Am Optom Assoc 1986; 57:376-80. [PMID: 
3711576] 

4. Mimura T, Usui T, Yamagami S, Funatsu H, Noma H, Honda 

N, Amano S. Recent causes of subconjunctival hemorrhage. 
Ophthalmologica2010; 224:133-7. [PMID: 19738393] 

5. Mimura T, Yamagami S, Funatsu H, Usui T, Ono K, Araie M, 

Amano S. Management of subconjunctival haematoma by 
tissue plasminogen activator. Clin Experiment Ophthalmol 
2005; 33:541-2. [PMID: 16181290] 

6. Mimura T, Yamagami S, Mori M, Funatsu H, Usui T, Noma H, 

Amano S. Contact lens-induced subconjunctival hemorrhage. 
Am J Ophthalmol 2010; 150:656-65. [PMID: 20709310] 

7. Mimura T, Usui T, Yamagami S, Funatsu H, Noma H, Honda 

N, Fukuoka S, Shirakawa R, Hotta H, Amano S. 
Subconjunctival hemorrhage and conjunctivochalasis. 
Ophthalmology 2009; 116:1880-6. [PMID: 19596440] 

8. Bodack MI. A warfarin-induced subconjunctival hemorrhage. 

Optometry 2007; 78:113-8. [PMID: 17321459] 

9. Superstein R, Gomolin JE, Hammouda W, Rosenberg A, 

Overbury O, Arsenault C. Prevalence of ocular hemorrhage 
in patients receiving warfarin therapy. Can J Ophthalmol 
2000; 35:385-9. [PMID: 11192447] 

10. Leiker LL, Mehta BH, Pruchnicki MC, Rodis JL. Risk factors 

and complications of subconjunctival hemorrhages in patients 
taking warfarin. Optometry 2009; 80:227-31. [PMID: 
19410227] 

1 1 . Incorvaia C, Costagliola C, Parmeggiani F, Gemmati D, Scapoli 

GL, Sebastiani A. Recurrent episodes of 
spontaneous subconjunctival hemorrhage in patients 
with factor XIII Val34Leu mutation. Am J Ophthalmol 2002; 
134:927-9. [PMID: 12470774] 



© 2012 Molecular Vision 

12. Parmeggiani F, Costagliola C, Incorvaia C, Gemmati D, 

DAngelo S, Tognazzo S, Scapoli GL, Sebastiani A. 
Prevalence of factor XIII Val34Leu polymorphism in patients 
affected by spontaneous subconjunctival hemorrhage. Am J 
Ophthalmol 2004; 138:481-4. [PMID: 15364237] 

1 3 . Yokoi N, Takehisa Y, Kinoshita S. Correlation of tear lipid layer 

interference patterns with the diagnosis and severity of dry 
eye. Am J Ophthalmol 1996; 122:818-24. [PMID: 8956636] 

14. Cho P, Yap M. Schirmer test. I. A review. Optom Vis Sci 1993; 

70:152-6. [PMID: 8446379] 

1 5 . Murube J, Rivas L. Biopsy of the conjunctiva in dry eye patients 

establishes a correlation between squamous metaplasia and 
dry eye clinical severity. Eur J Ophthalmol 2003; 
13:246-56. [PMID: 12747645] 

16. Meyer E, Scharf Y, Schechner R, Zonis S, Scharf Y, Nahir M. 

Light and electron microscopical study of the conjunctiva in 
sicca syndrome. Ophthalmologica 1985; 190:45-51. [PMID: 
3969261] 

17. Yokoi N, Komuro A. Non- invasive methods of assessing the 

tear film. Exp Eye Res 2004; 78:399-407. [PMID: 15106919] 

18. Montes-Mico R, Cervino A, Ferrer-Blasco T, Garcia-Lazaro S, 

Madrid-Costa D. The tear film and the optical quality of the 
eye. Ocul Surf 2010; 8:185-92. [PMID: 20964981] 

19. Nichols JJ, Nichols KK, Puent B, Saracino M, Mitchell GL. 

Evaluation of tear film interference patterns and measures of 
tear break-up time. Optom Vis Sci 2002; 79:363-9. [PMID: 
12086302] 

20. Guillon JP. Use of the Tearscope Plus and attachments in the 

routine examination of the marginal dry eye contact lens 
patient. Adv Exp Med Biol 1998; 438:859-67. [PMID: 
9634979] 



Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 14 July 2012. This reflects all typographical corrections and errata to the article 
through that date. Details of any changes may be found in the online version of the article. 

1954 



